Heat shock proteins (hsp) have been repeatedly implicated to participate in the pathogenesis of rheumatoid arthritis (RA). Herein, we investigated the regulation of synovial hsp70 expression by analyzing the DNA-binding activity of heat shock transcription factor 1 (HSF1) as well as inducible hsp70 expression. Experiments were performed both on synovial tissue and on synovial fibroblast-like cells (SFC). Gel mobility shift analysis revealed increased HSF1 activation, and Western blotting and immunohistochemistry revealed increased hsp70 expression in RA synovial tissue, but not in synovial tissue derived from patients with osteoarthritis. Proinflammatory cytokines (TNF-alpha, IL-1alpha, IL-6), but not IFN-gamma or TGF-beta, induced activation of HSF1-DNA binding and hsp70 expression in cultivated SFC. Activation of HSF1 in SFC was accompanied by hyperphosphorylation and nuclear translocation of HSF1. Furthermore, shear stress also induced a complete heat shock response in cultivated synovial cells. In contrast, nonsteroidal antiinflammatory drugs triggered only an incomplete heat shock response, with HSF1 activation but not hsp70 induction, whereas steroids and immunosuppressive drugs did not affect the heat shock response at all. In summary, these data suggest that induction of hsp70 expression in rheumatoid synovial tissue is based on transcriptional activation of HSF1 due to the presence of proinflammatory cytokines (and possibly also shear stress). 
Introduction
Stress or heat shock proteins (hsp) 1 are part of a tightly regulated and phylogenetically old biological system that enables organisms to respond adequately to detrimental environmental factors. Based on high interspecies sequence homologies, inducible tissue expression and a strong immunogenicity, hsp have been repeatedly incriminated to be involved in various autoimmune conditions, including RA (1-3). Several multimember families of hsp, characterized by the molecular weight of the proteins encoded, have been described (hsp90, hsp70, hsp60 and small hsp families). Among them, the hsp70 subfamily is one of the most widely studied in mammalian cells. As a chaperone, hsp70 orchestrates and protects the folding of nascent proteins, the refolding of denatured proteins, and the solubilization of protein aggregates under both normal and stressed conditions (4) (5) (6) . Whereas expression of one of the hsp70 isoforms is constitutive (hsp73), expression of the hsp72 isoform is induced by cellular stress factors. In light of this inducible expression, intensive studies on the regulation of the hsp70 response to a variety of different stimuli have been performed.
hsp expression is mainly regulated at the transcriptional level via activation of one or more heat shock transcription factors (HSF) that bind to DNA at a specific site of the hsp gene promoter region, called the heat shock element (HSE) (7, 8) . In the cytoplasm, HSFs are constitutively present in a non-DNA-binding state. Their activation is induced by various stresses and leads to hyperphosphorylation entailing oligomerization of HSF to a trimeric DNA binding form and subsequent transport to the cell nucleus (9) (10) (11) . Two functionally different HSFs are known and the signals leading to their activation appear to be different (12, 13) . HSF1 has been shown to respond to stress factors such as elevated temperature, cytokines, heavy metal ions, and shear stress (9) . On the other hand, HSF2 has been implicated in hsp expression during hemin-induced differentiation of human erythroleukemia cells (14) .
The synovial tissue of patients with RA is characterized by a chronic inflammatory process leading to an alteration of cellular homeostasis and finally to severe tissue damage. A variety of different stressors is present in the inflamed synovial tissue of RA patients, each of which has the potential to induce a stress response (15) (16) (17) . Thus, a multitude of proinflammatory cytokines is produced, among which TNF-␣ and IL-1 are the best studied ones and have been shown to play a pivotal role in the inflammatory and destructive process of RA (18, 19) . The continuous presence of proinflammatory cytokines but also the antiinflammatory drugs applied to virtually all RA patients lead to abnormal conditions for human synovial cells and therefore may induce hsp expression. In addition, synovial cells, like endothelial cells, are uniquely exposed to high intensities of mechanical stress, especially shear stress, caused by permanent joint motion and resulting synovial fluid perturbation. Under certain circumstances, such as increased exercise, mechanical stress may exert profound effects on synovial cell metabolism, as demonstrated for endothelial cells in case of hypertension (20) .
This study addressed the following questions: ( a ) is expression of hsp70 induced in synovial tissue of RA patients; ( b ) how is synovial hsp70 expression regulated at the transcriptional level; and ( c ) do cytokines, shear stress, and antiinflammatory drugs, as potential synovial stress factors, influence transcriptional regulation and protein expression of hsp70 in synovial fibroblast-like cells (SFC)?
Methods
Cell culture and treatment. SFC were isolated by enzymatic digestion of synovectomy-derived tissue samples according to a previously described technique (21) . Cells were grown in RPMI supplemented with 20% FCS, L -glutamine, penicillin (100 U/ml), and streptomycin (100 g/ml) in a humidified atmosphere of 95% air and 5% CO 2 . Cytokines (TNF-␣ , IL-1 ␣ , IFN-␥ , TGF-␤ , and IL-6; all from Boehringer Mannheim, Mannheim, Germany) and antiinflammatory or immunosuppressive drugs (nonsteroidal antiinflammatory drugs [NSAIDs], dexamethasone, cyclosporin A, and methotrexate) were added to the cultures. After incubation for various periods of time at 37 Њ C, cells were harvested for nuclear and total cell protein preparation. Shear stress was applied by a cone and plate flow apparatus for the exposure of cultured cell layers to defined fluid shear stresses. Details of the shear stress technique and of the components of the apparatus have been described earlier (22) . Analyses of total synovial tissue included specimens of three patients with RA, diagnosed according to the 1987 revised criteria of the American College of Rheumatology (23), as well as three patients with osteoarthritis (OA) and two patients with aseptic bone necrosis, as controls.
Protein extraction and Western blot analysis. SFC were incubated with cytokines or antiinflammatory drugs at 37 Њ C for 8 h, as indicated in the figure legends. Shear stress (20 dyn/cm 2 ) or heat stress (42 Њ C) was applied for 30 min followed by 8 h of recovery at 37 Њ C. The cells were washed and harvested on ice in buffer containing 20 mM Hepes (pH 7.5), 0.4 M NaCl, 10% glycerol, 1.5 mM MgCl 2 , 0.2 mM EDTA, 1 mM DDT, 1 mM Pefablock SC (Boehringer Mannheim), 1 g/ml leupeptin, 1 g/ml aprotinin, and 0.5 mM PMSF. Cellular debris was removed by centrifugation for 30 min at 13,000 rpm. Preparation of whole tissue extracts was performed by mincing liquid nitrogen-frozen synovial membranes in a Polytron homogenizer in the presence of the buffer described above. Tissue debris and fat were removed by centrifugation at 13,000 g .
Synovial cell or tissue extracts were electrophoresed on 10% SDS-polyacrylamide gels and transferred to nitrocellulose membranes (BA85; Schleicher & Schuell, Dassel, Germany). hsp70 expression was detected by a monoclonal antibody to human hsp70 (clone W28; StressGen Biotechnologies Corp., Victoria, Canada, reference 24) as described (25) , which specifically recognizes the inducible but not the constitutive members of the human hsp70 family. HSF1 expression was investigated using antibodies against mammalian HSF1 (gift from Dr. R.I. Morimoto, Northwestern University, Evanston, IL; 12, 25).
Immunoprecipitation of HSF1 from cell extracts was carried out by addition of 5 g/ml anti-HSF1 antibody and 10% (vol/vol) protein A-Sepharose beads. Precipitated HSF1 was then electrophoresed, blotted to nitrocellulose and finally identified by incubating with a biotinylated antiphosphoserine antibody (Sigma Chemical Co., St. Louis, MO).
Gel mobility shift assays. For analysis of HSF1 transcription factor activity, nuclear protein preparations from stimulated and unstimulated SFC were used. Subconfluent (80-90%) SFC were treated for 3 h with cytokines (TNF-␣ , IL-1 ␣ , IFN-␥ , IL-6, TGF-␤ ) or drugs (NSAIDs, dexamethasone, methotrexate, and cyclosporine A) or subjected to shear stress (30 min, 2.5 h recovery) at 37 Њ C. For heat stress, cells were incubated for 30 min at 42 Њ C. Isolation of nuclear proteins, as initially described by Schreiber (25) , and gel mobility shift assays were performed according to a previously described protocol (26) . Briefly, DNA binding was determined after incubation of 10 g of nuclear protein or 100 g of synovial tissue extracts, respectively, with 10 fmol of a 32 P-labeled oligonucleotide containing the HSE sequence from the Drosophila hsp70 promoter (5 Ј -GCCTC-GAATGTTCGCGAAGTTT-3 Ј ). Reaction buffer contained 10 mM Hepes, pH 7.9, 1 mM DTT, 1 mM EDTA, 80 mM KCl, 4% Ficoll, and 1 g poly(dIdC) (Pharmacia Biotechnology, Uppsala, Sweden) as a nonspecific competitor. Samples were electrophoresed on 4% polyacrylamide gels in 0.5 ϫ TBE (1 ϫ TBE: 89 mM Tris, 89 mM boric acid, 20 mM EDTA, pH 8.3) which were subsequently dried and autoradiographed. Super-shift assays were performed using antibodies specific for HSF1 and HSF2 (gifts from Dr. I. Morimoto). The antibodies were added to the probes after initial binding reactions between protein extracts and labeled oligonucleotides had been allowed to occur (see above).
Immunohistochemistry. 4-m cryosections of synovial membranes derived from patients with RA or OA were fixed in acetone for 10 min and incubated with anti-hsp70 monoclonal antibodies Figure 1 . Expression of hsp70 and DNA-binding activity of HSF1 in synovial tissue of OA and RA patients. hsp70 expression and HSF1 activation were investigated by (A) Western blotting and (B) gel mobility shift analysis, respectively, using whole tissue extracts derived from synovial membranes of two patients with aseptic bone necrosis (AN), three patients with OA, and three patients with RA. Nuclear and total proteins of untreated (C) and 42ЊC heat-stressed (HS) synovial cells were used as negative and positive controls, respectively. (A) Western blotting. Extracts (20 g/lane) were separated on a 12% SDS gel, blotted onto nitrocellulose membranes, and probed with a monoclonal antibody to hsp70. (B) Gel mobility shift analysis. Extracts (100 g/lane) were incubated with a 32 P-labeled probe encompassing a 24-bp HSE of the hsp70 promoter, separated on a 4% nondenaturing polyacrylamide gel, and autoradiographed. (StressGen) for 1 h at room temperature. Isotype-matched monoclonal antibodies (Dako, Glostrup, Denmark) served as controls. After rinsing, endogenous peroxidase was blocked with 0.3% hydrogen peroxide in Tris-buffered saline (10 mM Tris-HCl, 140 mM NaCl, pH 7.4) for 10 min. This was followed by a 30-min incubation with biotinylated horse anti-mouse IgG, and the reaction was then detected by incubating with the VECTASTAIN-ABC reagent (Vector, Burlingame, CA) for another 30 min. Color was developed using diaminobenzidine (Sigma Chemical Co.) leading to brown staining. Finally, slides were counterstained with hematoxylin or Mayer's Hämalaun solution (both from Merck, Darmstadt, Germany). Antibodies specific for fibroblasts (clone AS02; Dianova, Hamburg, Germany), macrophages (anti-CD68, clone KP1; Dako), and T cells (anti-CD3; Becton Dickinson, Mountain View, CA) were used to characterize hsp70-expressing cells in double labeling experiments. Thus, sections were incubated with the primary antibody diluted between 1:20 and 1:100 in Tris-buffered saline for 60 min at room temperature. After rinsing, alkaline phosphatase-labeled, affinity-purified rabbit antimouse immunoglobulins (Dako) were applied as second antibody for 30 min, followed by incubation with the APAAP complex (Dako). Color was developed using Fast Blue (Sigma Chemical Co.) as substrate leading to blue staining of positive cells. Thus, upon light microscopy, hsp70-expressing cells appeared brown or brown/blue.
RNA isolation and Northern blotting. Total RNA was isolated following a standard protocol (27) . RNA (10 g/lane) was electrophoresed on formaldehyde-agarose gels and transferred to a nylon membrane (Gene Screen Plus; DuPont, Boston, MA). Hybridization and autoradiography were performed using a 32 P-labeled cDNA probe for hsp70 as described (25) . 28S and 18S ribosomal RNA served as internal standards to control for accuracy of loading as well as integrity of RNA.
Immunofluorescence. Immunofluorescence studies were performed as described (28) with slight modifications. Subconfluent SFC in 8-well chamber slides (Nunc, Naperville, IL) were either heat stressed at 42 Њ C, or treated with TNF-␣ (10 ng/ml) or left at 37 Њ C, respectively. For analysis of HSF1 nuclear translocation, cells were permeabilized and fixed after a 30-min heat stress or a 3-h incubation with TNF-␣ , respectively, for hsp70 detection cells were analyzed after 8 h of culture. Cells were permeabilized with 4% paraformaldehyde for 30 min and fixed with absolute methanol for 5 min. Staining with antibodies to HSF1, hsp70, or CD3 (Dako), as a control, and FITC conjugates (Dako) was then performed. Slides were finally embedded had an additive effect on both HSF1 activation (Fig. 3 B ) and hsp70 expression (Fig. 3 D ) . IL-6, which is also considered a proinflammatory mediator in synovitis, induced HSF1 activation but weaker upregulation of hsp70, whereas both IFN-␥ and TGF-␤ failed to activate HSF1 and hsp70 expression (Fig.  3, B and D) . Shear stress at an intensity similar to arterial blood flow (20 dyn/cm 2 , 30 min) strongly induced both HSF1 activation and hsp70 expression (Fig. 3, A and C) . Heat stress (42ЊC), as positive control (HS), induced maximum response whereas neither HSF1 activation nor hsp70 expression was observed in untreated (37ЊC) SFC which served as negative control (C).
Specificity of HSF1-DNA complexes was confirmed by supershift analysis: addition of anti-HSF1 antibody entailed supershift of HSF1-DNA complexes (Fig. 3, A, lane Ab2) , whereas unrelated antibodies (Fig. 3 A, lane Ab1) or antibodies to HSF2 (data not shown) had no effect. Furthermore, HSF1 binding to labeled HSE oligonucleotide was blocked by an excess of unlabeled oligonucleotide (Fig. 3, A, lane  COI) .
Activation of HSF1 by TNF-␣ and IL-1 was dose dependent between 5 and 15 ng/ml of cytokine added to the cultures (Fig. 4 A) . Higher doses did not further enhance HSF1 activation (not shown). Time kinetics revealed maximum DNA binding activity of HSF1 after 3 h of cytokine incubation (Fig.  4 B) , which was in accordance with studies performed on smooth muscle cells (29) .
Regulation of hsp70 expression and HSF1 activation by antiinflammatory drugs.
To investigate the influence of antirheumatic drugs on the hsp70 response, SFC were cultivated in the presence of these drugs, and HSF1 activation as well as hsp70 expression was investigated. NSAIDs induced an incomplete stress response activating HSF1-DNA binding but not hsp70 protein expression (Fig. 5, A and B) . This effect was independent of the type and cyclooxygenase specificity of NSAIDs used. Indomethacin, dexibubrufen, and meloxicam exhibited the same effect when equivalent doses (30, 300, and 10 mM, respectively) were used. Corticosteroids in in n-propylgalate/glycerol (Sigma Chemical Co.) and analyzed by confocal laser scanning microscopy (Carl Zeiss Inc., Jena, Germany).
Results

hsp70 expression and HSF1 activation in synovial tissue.
To assess whether expression of hsp70 is enhanced in RA synovial tissue, Western blotting of whole synovial tissue extracts from RA and OA patients was performed (Fig. 1 A) . Upregulation of hsp70 expression was detected only in RA synovial tissue, whereas synovial tissue from OA or from control patients (aseptic bone necrosis) displayed only baseline expression. The enhanced expression of synovial hsp70 was associated with transcriptional activation of HSF1 in RA which could not be detected in the control samples (Fig. 1 B) .
When investigating cryosections of RA synovial tissue by immunohistochemistry, high expression of hsp70 was observed. Strong staining intensities were seen throughout RA synovium with a majority of cells positive for hsp70 (Fig. 2 A) . Double staining with markers specific for fibroblasts (Fig. 2 B) , macrophages ( Fig. 2 C) , and T cells (Fig. 2 D) revealed colocalization of hsp70 expression (brown) with fibroblasts and macrophages (blue). hsp70-positive fibroblasts and macrophages were found throughout whole synovial tissue but were most prominent in the synovial linings with almost every cell positively stained, as shown in Fig. 2 , B and C. No colocalization was found with synovial T cells (Fig. 2 D) . Compared with RA, only a few cells were found to express hsp70 in OA synovial tissue (Fig. 2 E) .
Regulation of hsp70 expression and HSF1 activation by proinflammatory cytokines and shear stress.
To analyze the individual factors leading to activation of HSF1 and induction of hsp70, cultivated SFC were incubated with stimuli known to be present in RA synovial tissue and/or having the potential to induce a stress response. Both proinflammatory cytokines, TNF-␣ and IL-1, induced an hsp70 response, resulting in transcriptional activation of HSF1 (Fig. 3 A) and enhanced hsp70 protein expression (Fig. 3 C) . Costimulation by TNF-␣ and IL-1 only induced by TNF-␣ and heat stress, i.e., in the presence of hyperphosphorylated HSF1, but not by indomethacin (Fig. 6 C) .
Immunofluorescence studies. To investigate the expression of hsp70 and HSF1 in heat-stressed and cytokine-treated (TNF-␣) SFC, immunofluorescence studies were performed (Fig. 7) . After 42ЊC heat stress (Fig. 7 A) or treatment with TNF-␣ (Fig. 7 B) a marked upregulation of hsp70 was seen, whereas only weak hsp70 expression was observed in untreated SFC (Fig. 7 C) . As described for other cells, hsp70 pre- moderate to high doses (100 nM to 10 mM) only weakly increased HSF1 activity which was not encompassed by increased hsp70 protein levels. Only very high doses of glucocorticoids (100 mM) induced a complete stress response. Both immunosuppressive agents investigated, methotrexate (100 nM) and cyclosporine A (100 nM), did not induce the hsp70 stress response. Furthermore, neither of these agents showed any suppressive effect on heat stress induced HSF1 activation (data not shown).
Activation of HSF1 DNA binding but lack of transcriptional activation of the hsp70 gene by NSAIDs was due to incomplete phosphorylation of HSF1 (17) , as shown by immunoblotting (Fig. 6 A) and immunoprecipitation of HSF1 (Fig. 6 B) . As with control or IFN-␥-treated SFC, only the constitutively phosphorylated lower molecular weight isoform of HSF1 could be detected when SFC were treated with NSAIDs. In contrast, TNF-␣-and IL-1-treated cells as well as shear and heat-stressed cells showed the formation of the hyperphosphorylated higher molecular weight isoform of HSF1. Moreover, synthesis of hsp70 mRNA was Immunoprecipitation. HSF1 was immunoprecipitated by anti-HSF1 antibody, electrophoresed on a 10% SDS gel, and analyzed by immunoblotting using an antiphosphoserine monoclonal antibody. The antibody clearly detects the transcriptionally active, hyperphosphorylated form of HSF1 (S) induced by IL-1, TNF-␣, SS, and HS, but not by IFN-␥ and indomethacin, as well as the inactive faster migrating isoform (F). (C) Northern blot analysis of hsp70 expression. Total RNA isolated from indomethacin-treated (IM), TNF-␣-treated, and heat-stressed (HS) SFC was probed with a 32 P-labeled cDNA specific for hsp70. Induction of hsp70-mRNA synthesis (arrow) was observed in TNF-␣-treated and heat-stressed, but not in indomethacin-treated, cells.
dominantly localized in the cytoplasm, the most intensive staining being found around the cell nucleus. Both heat and cytokine treatment entailed nuclear translocation of HSF1, resulting in a prominent nuclear staining of SFC (Fig. 7, D and  E) . In untreated cells, HSF1 was predominantly found in the cytoplasm, indicating the presence of the inactive cytoplasmatic form of HSF1 (Fig. 7 F) . In accordance with the data from the experiments described in the previous sections, HSF1 translocation and hsp70 upregulation induced by TNF-␣ was weaker compared with heat stress, which induced a maximal response.
Discussion
RA synovial tissue is characterized by a chronic inflammatory process with mononuclear cell infiltration and proliferation of synovial tissue leading to the formation of synovial pannus. The presence of proinflammatory cytokines, antiinflammatory drug therapies, and the fact that synovial tissue is uniquely exposed to high mechanical stress form conditions which potentially induce stress protein synthesis. Herein, we have demonstrated upregulation of hsp70 expression in synovial tissue of patients with RA, but not in patients with OA, indicating effective cellular stress mechanisms ongoing in RA synovial tissue. Induced hsp70 expression was associated with activation of HSF1 transcription factor and enhanced transcription of the hsp70 gene. Proinflammatory cytokines, including TNF-␣, IL-1, and IL-6, as well as shear stress, were able to induce hsp70 expression presumably via HSF1 activation in synovial cells, whereas antiinflammatory drugs or cytokines such as IFN-␥ or TGF-␤ did not or only incompletely induce hsp70 activation in SFC.
TNF-␣ and IL-1 are considered to play an essential part in initiation and perpetuation of synovitis (18) . Both cytokines are produced in situ by infiltrating macrophages, and overexpression of both TNF-␣ and IL-1 (30) (31) (32) as well as their receptors (33) has been shown to occur in RA synovial tissue and fluids. TNF-␣ triggers profound alterations in synovial tissue, such as bone and cartilage resorption, increased adhesion molecule expression, and collagenase synthesis (31, 34, 35) . In addition to its proinflammatory properties, IL-1 is involved in activation of metalloproteinases and inhibits proteoglycan synthesis (36, 37) . Many of these effects may lead to cell stress and finally even to cell death (by apoptosis) making increased chaperonin function and thus hsp70 expression necessary.
The mechanisms of converting mechanical stress into biochemical signals are of growing interest, since several tissues, i.e., blood vessels, are subjected to high shear forces, influencing the metabolism of the neighboring cells. Hypertension, for example, leads to increased mechanical load onto smooth muscle cells and triggers a number of biochemical changes, including HSF1 activation and hsp70 expression (38) . In joints, shear stress triggered by synovial fluid motion may vary greatly dependent on the quantity of joint motion and exercise. In addition, the loss of a smooth synovial surface due to chronic inflammation may give rise to turbulent flow of the synovia and an increased rate of shear stress. Shear stress, at a rate similar to that applied in mechanical stress models of joints (39) , induced transcriptional activation of HSF1 and hsp70 expression in synovial cells and thus may contribute to the overexpression of hsp70 observed in RA synovial tissue. Although shear stress activates cytokine transcription factors such as AP-1 and NFkB (40), the activation of HSF1 and hsp70 seems to be regulated directly, since neosynthesis of cytokines such as TNF-␣ and IL-1 would require longer time and these cytokines were not detectable in cell culture supernatants derived from shearstressed cells (our unpublished observation).
Due to the presence of multiple antiinflammatory drug therapies, ex vivo analysis of tissue and cells of RA patients may be influenced by the effects of these various drugs. Common signal transduction and transcription factor activation pathways have been demonstrated to be influenced by antiinflammatory drugs (41) . NSAIDs have been shown to induce HSF1 activation in human lymphocytes (42, 43) , yeast (44) , and Drosophila (45), but activation was not followed by transcription of the hsp70 gene or enhanced protein expression (42) (43) (44) (45) . This incomplete heat shock response mediated by NSAIDs was based on incomplete phosphorylation of HSF1, lacking the inducible phosphorylation of a serine residue, in contrast to heat-induced HSF1 (46) . Both glucocorticoids and immunosuppressants including cyclosporine A and methotrexate did not affect HSF1 activation, nor hsp70 protein expression. Since these drugs inhibit the production of cytokines including TNF-␣ and IL-1 (47), these results corroborate the connection of hsp expression with proinflammatory mechanisms rather than with antiinflammatory drugs.
hsp have been shown to protect cells against a broad range of toxic conditions, including oxidative stress, TNF-␣, heat shock, heavy metals, and cellular damage after ischemia (48, 49) . In addition, hsp70 overexpression has been shown to protect from apoptotic cell death (50) and therefore synovial cells expressing elevated hsp70 levels may develop a certain resistance to apoptosis. This would be in line with the observation of only a relatively low frequency of apoptotic cells in rheumatoid synovium despite the abundance of apoptosis-inducing factors (51) .
Due to their inducibility, strong immunogenicity, and high interspecies homologies, hsp have been repeatedly incriminated to participate in autoimmune disease. The arthritogenic role of mycobacterial hsp65 in adjuvant arthritis of rats is well established (1, 3) , whereas the role of hsp in human RA is seen controversially, although T cell and antibody autoimmunities against hsp60 have been described in RA (52) (53) (54) . In adjuvant arthritis the immune reactions against hsp60 have been shown to be protective (55) , which is corroborated by recent data from children with juvenile chronic polyarthritis (56, 57) . Whether hsp70 itself is targeted by the autoimmune response in RA remains to be clarified. Although autoantibodies to the constitutive hsp70 isoform have been described in SLE and mixed connective tissue disease (58, 59) , such antibodies have also been found in healthy subjects (60) . However, no study has been performed on antibodies against inducible hsp70 in RA.
Remarkably, hsp70 has been identified recently as the ligand of a highly homologous amino acid motif in the third hypervariable region of the MHC DR␤1 chain commonly found in alleles carrying susceptibility to RA (2) . It is hypothesized that hsp70 participates in the intracellular trafficking and peptide association of these DR␤1 chains. Therefore, it could be speculated that an alteration of hsp70 expression induced by stress at least quantitatively influences the immunologic processes in which these motifs are involved. Since hsp70 is critically involved in protein folding and therefore also in MHC-peptide assembly, its overexpression might influence processing and presentation of synovial cell antigens, possibly leading to a quantitatively and qualitatively altered antigenic repertoire in rheumatoid synovia. In addition, hsp70 overexpression may prevent apoptotic cell death, facilitating synovial growth and pannus formation. It remains to be clarified if hsp70 induction is just an indicator of severe alterations in cellular and tissue metabolism in RA tissue or is actively involved in the pathogenesis of this disease.
